We studied factors influencing concentrations of triglycerides in the blood of a presumably healthy population of about 9000 persons. Using multi-dimensional analysis, we show, in addition to variations related to sex and age, the relation between triglycerides and uric acid, overweight, arterial blood pressure, use of oral contraceptives (in women), consumption of alcohol and tobacco, and lack of physical exercise. These factors were classified as a function of their discriminative power by the statistical method of segmentation.
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We studied factors influencing concentrations of triglycerides in the blood of a presumably healthy population of about 9000 persons. Using multi-dimensional analysis, we show, in addition to variations related to sex and age, the relation between triglycerides and uric acid, overweight, arterial blood pressure, use of oral contraceptives (in women), consumption of alcohol and tobacco, and lack of physical exercise. These factors were classified as a function of their discriminative power by the statistical method of segmentation.
We thus chose the following factors as criteria for exclusion from a reference population for the values of triglycerides in blood: in men 20 to 39 years old, overweight of more than 90%; in men 40 to 59 years old, overweight of more than 115%, consumption of more than half a liter of wine per day or of more than 11 cigarettes, the use of medicines, and a blood uric acid exceeding 420 Mmol/L; in women 20 to 39 years old, contraceptives and overweight; in women 40 to 59 years old, overweight of more than 130% and the intake of medicines.
At the 97.5th percentile of the reference population, as compared with a non-selected population, the values were 80% less for men 20 to 39 years o'd, 95% less for men 40 to 59 years old, and only 26 to 30% less for women 20 
Materials and Methods
The ________ taking any drugs; in the case of women, it indicated their menopausal status and whether they were using oral contra-
ceptives.
Blood specimens were obtained from the antecubital fossa in supine patients, between 0800 and 0900 hours. The blood was collected without a syringe. Lithium heparin was used as anticoagulant.
The blood tubes were centrifuged immediately after the collection, and the analyses were finished within 4
The following assays were performed: (8) .
Short-and long-term analytical variations were observed by means of rigorous quality control with simultaneous use of plasma pools, control sera, and the patient's daily means (intra-and interlaboratory control).
Reproducibility of the triglyceride assay was determined by repeated analysis during the study of a serum stored lyophilized. Within-day variation (CV) was less than 4%, day-. to-day variation less than 6%.
To study the various relationships, we used several statistical tools: #{149} The correlation coefficient and the correlation ratio. Although less widely used than the correlation coefficient, the correlation ratio (square root of the ratio of variance of the conditional mean value to the total variance) also gives an estimate of the functional relation between parameters. Its value is between 0 and 1 (9 
Results

Correlations between Plasma Triglyceride
Concentration and OtherDeterminants
Triglycerides and other biochemical constituents.
We calculated the correlation coefficients and the correlation ratios between triglycerides and certain biochemical factors: fl-lipoproteins, cholesterol, glucose, and uric acid.
The most significant correlations were with f-1ipoproteins ( Table 1 ). The correlation coefficient varied from 0.30 to 0.48, depending on the subject's age and sex.
Similarly, the concentration of cholesterol and triglycerides increased together: the correlation coefficients and ratios exceeded 0.20 and were statistically significant. The correlation ratios and coefficients were not very different from each other, except in women 20 through 39 years old. Therefore the regression lines were nearly straight, but the residual variations were high.
Uric acid correlated significantly with triglycerides; the correlation ratio was above 0.30 and reached 0.39 in men (Table 1) .
Finally, there was a nonsignificant correlation between triglycerides and glucose (Table 1) .
Triglycerides in relation to functional and morphological examinations.
Morphological factors, weight, and degree of overweight correlated with an increase in triglycerides, especially in subjects older than 40 years ( Table 1 ).
The correlation with the degree of overweight was more marked than with weight itself. This observation was confirmed by the correlation with another index of overweight, the subscapular skinfold (correlation coefficient, 0.27).
For instance, men more than 40 years old whose weight was 100% of the ideal weight had our average plasma triglyceride concentration of 
Triglycerides in relation to answers to a general-interest questionnaire.
Having defined which biochemical, morphological, and functional examinations were related to variations in the plasma triglyceride concentration, we also assessed the correlations between triglycerides and some qualitative characteristics.
To this end, we used the analysis of correspondences. Thus, in 20-to 39-year-old women, the use of oral contraceptives, alcohol consumption, and the use of tobacco were correlated with a tendency to a high triglyceride concentrations in plasma. Conversely, a low concentration of triglycerides in the plasma was associated with a certain amount of physical exercise (sports, gardening) during leisure time (Figure 2a ). These tendencies were confirmed in the group of women 40 to 59 years old, especially with respect to the importance of the duration of smoking. Finally, an abnormal electrocardiogram was often associated with increased triglyceride concentration.
In 40-to 59-year-old men (Figure 2b ), the individuals with increased triglyceride concentration were:
#{149} those who drank more than 1 L of beer per day #{149} those who drank more than 1 L of wine per day #{149} impulsive subjects (i.e., people who act "on impulse") #{149} hypertensive subjects #{149} those who had smoked for more than 10 years Nonsmokers, those subjects who gardened every day, and farmers had the lowest triglyceride concentration. Rank ofCriteria ofSelection for a Reference
Population as a Function of Their Discriminative Power
In men 20 to 39 years old, overweight was the most discriminating variable (Figure 3a) . Individuals who weighed less than 90% of their ideal weight had an average triglyceride concentration of 0.84 mmolfL. For those 15% overweight, this value was larger, 1.81 mmol/L-a 115% difference. The dispersion was very wide in this group (standard deviation, 1.28). The second most discriminating factor was tobacco consumption and the duration of the habit. For persons weighing less than 90% of their ideal weight, he triglyceride concentration was increase4 frQm 0.78 to 0.91 mmol/L, or 17%, depending Qn cigarette consumption, but this result was not statistically significant. For the group of persons who weighed 90 to 115% of their ideal weight, the value found for smokers was 1.29 mmolfL, and for nonsmokers, 0.96 mmol/L, a difference of 34%.
The consumption of alcohol in the form of wine also distinguished two subpopulations with statistically different mean triglyceride concentrations.
None of the other characteristics that we studied had any perceptible influence in this group of subjects.
In men 40 to 59 years old, overweight remained the most discriminating factor (Figure 3b ). In the individuals that were not overweight, the triglyceride concentration increased with the number of cigarettes smoked and the amount of wine consumed per day, as in the sample of men 20 to 39 years old. On the other hand, when overweight was present, beer con- Ccnumpton'day d sumption represented the second most discriminating factor in the ranking, but its influence was not significant in this case.
To sum up, in the male population sample, we found the main factor of variation for plasma triglyceride concentration to be the degree of overweight.
The use of tobacco and the consumption of alcohol were the other discriminating factors, but their relative importance depended on age and over-
weight.
In women 20 to 39 years old, the use of oral contraceptives was the major discriminating factor. The average value for triglycerides was 0.71 mmol/L for women not on oral contraceptives, but 1.03 mmol/L (a 45% increase) for those taking oral contraceptives (Figure 3c) . The results were widely dispersed (SD = 0.52 mmol/L). 
420
moI/L liminary list of criteria to be used in excluding individuals from a reference sample in a total population (Table 3) . Table 4 summarizes the limits for plasma triglyceride values of the reference distribution and for the total distribution according to the sex and age of the subjects.
The reference sample comprised 2850 individuals, i.e., about 13% of all the men and 46% of all the women. In this reference group, the plasma triglyceride concentrations were lower in women than in men, but increased in both sexes with age --( Among the other factors studied, alcohol and tobacco consumption had no significant influence. In women 40 to 49 years old, overweight was the main dispersion factor (Figure 3d) . The average triglyceride concentration was 0.86 mmolfL in the women who were less than 30% overweight,
1.25 mmol/L in those more than 30% overweight.
The use of oral contraceptives was the second most discriminating factor in women who were less than 30% overweight, alcohol consumption for those 30% or more overweight.
In women more than 50 years old, the first selection criterion remained overweight; the use of drugs was second ( Figure  3e ).
Use of oral contraceptives thus appears to be more important than degree of overweight in considering a reference population of women between 20 and 39 years old. Because the use of oral contraceptives is limited after age 40, excess body weight then becomes the major characteristic to be taken into account, together with the use of drugs.
Reference Values for Triglycerides in Plasma
Based on this set of results, it is possible to define a pre-
Discussion
The definition of reference values for plasma triglycerides is a prerequisite step for any epidemiological investigation of the prevalence of hyperlipoproteinemias.
Furthermore, such definition closely depends on the strict control of the quality of the analysis, especially with regard to accuracy and precision. Our reference values were established from a selected sample representative of a population called a "reference population."
Many studies have reported variations in physiological parameters, but few specify the rank of the parameters.
In the context of preventive medicine, any factor likely to cause an increase in the plasma triglycerides must be considered a potential factor of risk to health. In our study, we considered men and women separately, because triglyceride values are "normally" higher in men, as also observed by Aromaa et a!. (12) in a Finnish population. Sex-related differences can be explained by the fact that triglycerides are present in high concentrations in very-lowdensity lipoproteins, which themselves are present in higher concentrations in men than in women, while low-densitylipoproteins are at a uniform concentration (13) . Risks related to age are illustrated by the gradual increase in triglycerides and by the dispersion of results obtained for the total population, a dispersion lower in women than in men (Table 4) . There was a very high correlation between triglycerides and f3-lipoproteins; this can be explained by the fact that the IIpoproteins contain both very-low-density lipoproteins and low-density lipoproteins, which are rich in triglycerides. These lipoproteins comprise 60 and 15%, respectively, of the total (14). The low-density lipoproteins fraction, which is rich in cholesterol (56%), accounts for the correlation between triglycerides and cholesterol. Many epidemiological investigations have demonstrated that hyperuricacidemia is correlated with hyperlipoproteinemia (15) (16) (17) (18) , especially type IV (19) . Our results lead to the same conclusion, but with additional information:
the correlation between triglycerides and uric acid is partly independent of overweight. This was particularly evident in men older than 40 years (Table 2) . A correlation between the metabolism of lipids and purines wa observed by Mielants et al. (20) , but only in patients with gout. It could be due to a genetic linkage that causes a common enzyme deficiency, the nature of which is still unknown. In contrast, we found no significant correlation between triglyceride and glucose concentrations, but Gibson et al. (21) found one between triglycerides and insulin concentration in the plasma.
We measured three morphological variables that permit evaluation of the fat mass of the subjects: weight, overweight, and the thickness of the subscapular skinfold. Overweight (taking both weight and height into consideration) and the subscapular skinfold were closely related to plasma triglyceride values (Table 1) . Because these morphological variables increase with age, changes in triglyceride values with age may merely reflect the gain in body weight during aging.
In men 20 to 59 years old and in women 40 to 59 years old, overweight appeared as the highest-ranking factor of variation in plasma triglycerides. It was the second-ranking factor in young women (20 to 39 years old), use of oral contraceptives being the major factor. The average serum triglyceride concentration in men 20 to 39 years old who were more than 15% overweight was twice as high as that of lean men (10% or more underweight).
Overweight represents a major risk factor that is amenable to reduction.
The risk correlated with overweight is added to that for long-term smoking. For instance, in the same sample of men 20 to 39 years old, when the body weight was close to ideal (10% underweight to 15% overweight), the average serum triglyceride concentration was 0.96 mmol/L for nonsmokers, but 2.18 nimol/L in those who were more than 15% overweight and who had smoked for more than 11 years. Lellouch et al. (22) established a linear relation between triglyceride concentration and fat mass in men 46 to 52 years old. This was also true for our population of men, while in the women the relation remained significant but nonlinear (r < 0.23). However, it is the weight gain more than the fat mass itself that is mainly associated with increase in triglycerides. According to Aibrinks et a!. (23), those subjects who gained weight during adulthood had triglyceride values twice as high as those who did not gain weight, even for the same degree of obesity. A comparison of health examinations made at fiveyear intervals should enable us to confirm these results in the future.
Oral contraceptives had a major influence on plasma triglyceride values. Women who took these drugs revealed indirectly an overall tendency to latent hypertriglyceridemia, aggravated by overweight. Our resuith therefore are in agreement with those of Schenker et al. (24) , who concluded that triglyceride values were increased by the "pill" regardless of its composition. According to other authors, progestational hormones cause a decrease in triglycerides, while estrogens increase them (25-29) . The mechanism of this triglyceride increase remains obscure. Kekki and Nikkila (30) showed that in women taking oral contraceptives, the rate of triglyceride production was twice that of a control group, while the rate of triglyceride disappearance was only slightly increased; this pattern leads to a large increase in triglycerides in plasma.
The number of cigarettes smoked per day and the duration of the habitual use of tobacco correlated with an increase in triglycerides in men. The number of cigarettes smoked per day was the second-ranking selection factor for the reference sample of lean subjects, while the duration of addiction to tobaccocorrelated with overweight. The latter factor, as we have already emphasized, increased the risk due to tobacco consumption.
The Indeed, using correspondences analysis, these authors found, in a sample of men 50 to 59 years old, a correlation of byperuricacidemia with a history of obesity and also with regular consumption of alcohol. In contrast, a low uricacidemia was related to an absence of any history of tobacco consumption and to the regular practice of sports. All these observations could explain the statistically significant correlation between triglycerides and uric acid, which could arise from an unbalanced diet, regular smoking, or a lack of physical exercise.
We estimated the reference distribution of triglycerides after our observations concerning the factors affecting variation of plasma triglyceride concentrations.
We thus eliminated 70% of the total population from our reference sample and lowered the 97.5th percentile by 30% in women and by 80 to 95% in men. The limits found for our reference sample correspond to those established by Kattermann (37) after selection.
After qualitative evaluation of the factors producing variations in plasma triglyceride concentrations, these factors were quantified and classified in order of decreasing importance. Our conclusions were as follows:
#{149} in men, degree of overweight is most important, followed by the regular use of tobacco and the consumption of wine #{149} in women, the use of oral contraceptives is most important, followed by overweight (young women) or overweight followed by the use of drugs (in women more than 40 years old).
Overweight was, therefore, the common factor in the ranking. Indeed, this feature, together with an increase in uricacidemia resulting from a rich diet, as well as a lack of physical activity, reflects a certain way of life. Variations in plasma triglyceride concentrations associated with weight gain were the greatest when this gain was greatest and when associated with other risk factors such as consumption of alcohol, use of tobacco, and the use of drugs.
